A better integration and interoperability between rail and road transportation is a key factor in order to reduce pollution and increase railway freight traffic.
Introduction: the SAADKMS inter-modal freight wagon
SAADKMS inter-modal freight wagon has been developed by Bombardier Transportation for the transportation of trucks by railway.
Design specifications concerning encumbrances and loading procedures has lead to a drastic reduction of wheel rolling radius to about 180-190 mm.
According to Hertz contact theory [1] wheel rolling radius reduction involves a lower contact area and a higher stress of wheel material as can be shown by the following equation (simplified formulation modelling the contact between a cylinder and a planar surface):
( ) 
where max p is the maximum contact pressure, F represents the normal force between wheel and rail, l and b are respectively the length and the semi width of the contact area and r is the wheel radius.
As a consequence normal load has to be divided on a higher number of axles. Also reduced wheel rolling radius involves different behaviours concerning stability (hunting) of the bogie respect to a standard freight wagon. In fact, as stated by the simplified model of Klingel [2, 3] , the hunting frequency of a single axle with a conical profile is influenced by a factor that is approximately equal to " r -1/2 " as shown in figure 1. 1) Four axles on every bogie in order to obtain a better distribution of normal loads.
2) Two lower frames: every lower frame is composed by two axles connected to two longitudinal elements by four spherical joints that assure an elevate angular clearance, in order to improve the steering performances of the wagon on small radius curves. The tested SBB vehicle was equipped with sensors in order to measure lateral and vertical forces exchanged through the wheel-rail interface.
ADAMS model design and validation
In figure 3 Simulation model show a good agreement with experimental data. Main differences are due to noise on the experimental data that were available only in paper-format and to heavy uncertainty in the modelling of both friction damper and wheel flange lubrication. In fact, it's very difficult to exactly foresee how the lubricant on the flange influences the adhesion factor distribution along the wheel surface.
Further validation activities have involved the comparison between ADAMS model of the wagon developed by the authors and the VAMPIRE one.
Comparison between the two different models has shown a good agreement in several benchmark tests even if their internal layouts presented some differences mainly in the formulation/implementation of simulation codes. This result can be easily explained since in the comparison between simulation models, many uncertainties have been removed: for example, both models suppose the same adhesion factor distribution on wheel profiles and the same design of the track, without any difference regarding irregularities.
In table 3 we have showed the feature of one of the most significant benchmark test that the authors have carried on to compare the results of the two models: a run at various speed on a switch.
Simulations have been repeated using different wheel profiles that have been used for SAADKMS freight wagons:
1) The standard SBB 32-3 75° profile (the first used on SAADKMS freight wagons).
2) The optimized profile SBB ROLA Neu.
3) The optimized profile OBB SBB 32-3 FSDR3. In figures 4(a-d) some results concerning lateral forces on the first axle during a run at 40 km/h are shown. Both the models are able to simulate the improvements in the axle behaviour with wear-optimized wheel profiles. Results also agree with experimental evidences that show the same performance improvements of optimized profiles compared with the standard SBB 32-3 75°.
Some unavoidable differences between results of the two models are mainly due to different contact formulation and friction distribution along wheel profiles. 
Simulation and optimization results
The most significant results concerning the optimization of the dynamical behaviour of the wagon have been first discovered during the design and the validation phase of the model and then confirmed once the model was completed by simulation results: 1. Sensitivity of ride quality and safety from friction factor of damping elements. 2. Importance of good lubrication of wheel flange and uncertainties due to an unpredictable distribution of the friction factor along the wheel profiles. 3. Wheel profile optimization.
Sensitivity from damper friction factor
In SAADKMS bogies damping is mainly introduced using friction elements. Both stability and steering performances are heavily affected from fluctuation of the damper friction factor. Experimental data from specially equipped test rig [5] , visible in figure 5 , show a strong dependency of the friction factor from temperature since fluctuations of few Celsius causes relative variations of friction of about 10-20%. Also a near to hyperbolic relation between wear and friction factor is clearly visible. During the calibration of the wagon model a medium/heuristic value of this friction factor has been chosen, however it's very difficult to predict the right value in operating conditions. So one of the hints from simulation activities it's to use more stable viscous anti-yaw damper in order to improve both stability and steering performances in a reliable manner.
Wheel flange lubrication
Actually wheel flange lubrication is adopted on SAADKMS freight wagons. Lubrication reduces flange wear and assures a better stability. In fact, as reported by simplified models often used in literature (see [1, 2, 6] ), the critical ratio to avoid derailment between horizontal forces "Y" and vertical forces "Q" is negatively affected by the friction factor as visible in equation (2) . In this equation "β" represents the geometrical flange conicity and "φ" the friction angle defined by (3). sin tan cos : t a n ( ) tan sin cos
( ) t a n f friction factor ϕ =
Simulation results show a strong sensitivity in the dynamical behaviour from friction factor distribution along wheel profiles. In particular performances are affected by the friction factor in the lubricated surfaces and by the extension of these patches especially in the smoothing fillet between the conical zone of the wheel and the flange. According simulation results quality and reliability of lubrication with different operating conditions such as temperature may be critical factors that have to be deeply investigated.
Wheel profile optimization
As clearly visible in figure 7 (a-d) optimized wheel profiles may increase the dynamical performances of the wagon. In particular the OBB SBB 32-3 FSD R3 has showed the best performances. In figure 6 the standard SBB 32-75° profile is compared with the optimized one: the optimized profile has a slightly higher conicity and an increased flange clearance in order to improve steering performances of wheels. 
Conclusion and future hints
Authors have developed and validated a multibody model of the SAADKMS freight wagon and are still working in order to improve model performances and results. In particular they are still working to develop a third model of the wagon using another well known simulation tool, the Intec-Simpack™ package. In addition, authors are applying innovative techniques based on damage/wear number criteria [7] in order to understand how further optimization for different railway profiles and inclinations may be carried on.
